of denatured protein is perhaps to be expected and indeed, in the past, it has been believed that minced muscle contains some denatured protein (yon Ftirth, 1919) . In a previous paper it has been shown that in hemoglobin, a protein that is certainly in the native state, active SH groups are detectable. There is accordingly also some reason to suppose that the proteins of muscle even in their native state may contain active SH groups.
By studying the effect of hydrogen ion concentration on the number of active SH groups in the isolated muscle proteins and in the proteins as they occur in minced muscle, it is shown in this paper that most, and probably all, of the active groups detected are groups of proteins in the native state. Investigation of the protein SH groups of muscle shows, then, that little, if any, denatured protein is present. In the experiments described in this paper the numbers of active SH groups in all preparations of muscle proteins that have not been treated with agents known to denature other proteins are found to be far smaller than in the same preparations after the proteins have been treated with a denaturing agent. This observation is not in agreement with the statements of Hopkins and Dixon (1922) , Tunnicliffe (1925) , and that the number of protein SH groups in muscle preparations before and after they have been treated with boiling water is about the same, such differences as are observed being according to them attributable to the changed permeability of the muscle fibers.
Although the SH groups of muscle proteins change considerably on denaturation, a study of the denatured muscle proteins may be of some significance, for it can be shown that in them the ratio of SH to S-S groups is much higher than that found in the mixed denatured proteins of other tissues, with a single exception--the crystalline lens of the eye.
Comparison between the SH and S-S Groups of the Denatured Muscle Proteins and of Proteins of Other Tissues
Skeletal muscles of the halibut, frog, and rabbit were used. In each case SH groups of the mixed proteins denatured by trichloracetic acid were estimated. A number of muscle protein fractions--the albumins (myogens) of halibut and rabbit and the myosins of frog and rabbit--were isolated, denatured by trichloracetic acid, and their SH groups estimated. The numbers of SH groups were, as in other denatured proteins, equivalent to the cysteine contents of the hydrolyzed proteins. The cystine contents, equivalent in denatured proteins to the numbers of S-S groups (Mirsky and Anson, 1934-35) of all preparations were estimated. In several cases the total number of S-S plus SH groups was estimated and found to be in fact equivalent to the cystine plus cysteine content. In each protein preparation the percentage of the total cysteine plus cystine content in the form of cysteine has been TABLE I calculated and found to lie between 69 and 85 per cent. The amounts of cysteine and also of the total cysteine plus cystine have been estimated in the mixed proteins of a number of tissues and the percentages of the totals in the form of cysteine were found to be as follows: liver 19 per cent, kidney 27 per cent, pancreas 8.1 per cent, testicle 16.9 per cent, salivary gland 0.14 per cent, gray matter of the brain 0.18 per cent, finger nails 0 per cent, crystalline lens 100 per cent. With the exception of the crystalline lens, the percentages of cysteine were all distinctly lower than that found in skeletal muscle.
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Preparation
SH Groups of Muscle Proteins That Have Not Been Treated with Reagents Known to Denature Them
The method of estimation was to treat the protein with iodoacetate, which has been shown to react with active SH groups of proteins, estimate the cysteine content of the hydrolyzed protein, and compare it with the cysteine content of a sample of the protein that has not been treated with iodoacetate. The decrease in cysteine content of the protein treated with iodoacetate is a measure of the number of its active SH groups.
Mixed Proteins Present in Minced Muscle
It has been found that the SH groups of a protein can be activated by increasing the pH or at a constant pH by denaturing the protein.
The protein SH groups of minced rabbit muscle can also be activated by raising the temperature (in a range below the coagulation temperature), and on cooling, activation is reversed. The SH groups of other proteins are probably affected by temperature in the same way.
The number of active protein SH groups in minced frog and rabbit muscle increases as the pH rises, as shown in Fig. 1 . There is a certain similarity in the behavior of these groups and those of a well defined native protein, hemoglobin. As in the case of hemoglobin, the groups activated by a rise in pH become inactive again when the pH is restored to its original level.
There is also a difference in the behavior of the groups of hemoglobin and of the proteins in minced muscle. In hemoglobin, as the pH falls, a point is reached (pH 6.8) at which no groups are active in the native protein but at which all the groups of the denatured protein are active. In the proteins of minced muscle a plateau ifl the curve is reached as the pH falls. There is hardly any change in the number of active SH groups between pH 8.0 and 7.3. Below pH 7.3 not all of the groups even of the denatured protein react with iodoacetate. There are two possible explanations of this plateau: (1) that the SH groups active between pH 7.3 and 8.0 are those of denatured protein present in the minced muscle and that only those groups that become active when the pH rises above 8.0 are groups of native protein, (2) that the curve of the native proteins of muscle differs from that of hemoglobin.
A study of the SH groups of the isolated muscle protein fractions shows that the second explanation is more probable.
Myosin and Myogen
In both of these fractions the behavior of SH groups is similar to that of minced muscle. In the case of myosin no decision can be made between the two explanations either of which would explain the phenomenon of minced muscle, for there is no evidence that myosin is a pure native protein free of a certain admixture of denatured protein. In the case of myogen, however, the method of preparation used makes it highly unlikely that any denatured protein is present. In the usual way of preparing myogen, by dialysis of the juice expressed from muscle, there is no reason to suppose that if denatured protein were present in the original material, it would have been eliminated in the final product. The myogen used in the present investigation was prepared by extracting minced muscle with halfsaturated ammonium sulfate and then precipitating the extracted protein by further addition of ammonium sulfate. Since no known denatured protein is soluble in half-saturated ammonium sulfate, even in the presence of native protein, it is unlikely that denatured protein is present in this preparation of myogen. Even after myogen has stood in the kind of solution used for detecting SH groups, no denatured protein can be found on half-saturating the solution with ammonium sulfate. The number of active SH groups in myogen varies with pH substantially in the same way as do the SH groups of myosin and of the proteins in minced muscle. Since there is no denatured protein in the preparation of myogen it is not necessary in explaining the effect of pH on SH groups to suppose there is any denatured protein in the preparations of myosin and minced muscle. The simplest explanation of the known facts is that there is little, if any, denatured protein in freshly minced muscle.
The Experiments of Hopkins and Dixon, Tunnicliffe, and Hopkins
The muscle preparation used by these authors was one that after mincing was thoroughly extracted with water. Activity of protein SH groups was estimated (usually at pH 7.6) by adding glutathione and measuring the oxygen uptake of the system, or by adding oxidized glutathione and measuring the amount of reduced glutathione formed. They found that when muscle that had been simply washed with water was compared with muscle that was also treated with boiling water (the "thermostable preparation") or with alcohol that "The reaction proceeds somewhat more smoothly in the case of the heated preparation, but within the limits of experimental error the total reduction is the same in both cases. The alteration in permeability of the preparation due to the heating would in all probability account for the greater ease of reduction in the case of thermostable preparations" (Tunnicliffe). "A corresponding amount of the original washed muscle without any further treatment is itself capable of the same quantitative uptake (that is, as the thermostable residue), but to establish a sufficiently active system within the swollen and somewhat impermeable fibres of the preparation a relatively high concentration of glutathione in the external fluid is necessary" (Hopkins) . "There seems to be little doubt that the effect of the preliminary treatment is on permeability. Heat and treatment with alcohol seem to influence this on similar lines" (Hopkins and Dixon). The experiments described in this paper show that treating muscle with a denaturing agent increases the number of active SH groups, and this effect of the denaturing agent is on the muscle proteins and not on the permeability of the muscle fiber. The evidence may be briefly summarized:
1. Iodoacetate reacts with more SH groups in minced muscle that has been treated with trichloracetic acid than in untreated muscle, and the same difference is obtained whether the reaction with iodoacetate proceeds for 3 or for 6 hours, indicating that the reaction has gone to completion and that permeability is not a limiting factor.
2. Muscle extracted with water has lost none of its myosin. When myosin is extracted with a salt solution a similar difference between the number of its active SH groups before and after denaturation is observed as in the proteins of washed muscle. In this case there can be no question of permeability.
3. Due to the supposed absence of an effect of a denaturing agent on the SH groups of washed muscle Hopkins suggested that "the less soluble among tissue proteins share some special character with blood proteins rendered insoluble by denaturation." Even after all the myosin in minced muscle is extracted so that only the least soluble proteins of muscle remain, it is found that trichloracetic acid has the same effect on the SH groups of these proteins that it has on all other muscle proteins, and indeed on all native proteins.
4. In the experiments of Tunnicliffe and of Hopkins an oxidizing agent, oxidized glutathione, was used to react with sulfhydryl groups. If a strong oxidizing agent, potassium ferricyanide, is used in our experiments, the results obtained are the same as when iodoacetate is used. When untreated washed muscle and washed muscle that has been treated with trichloracetic acid are mixed with ferricyanide, it is found that in the former far fewer SH groups are oxidized than in the latter, and the same result is obtained whether the reaction proceeds for 1½ or for 4 hours.
EXPER IMEI~TAL
Protein Preparations
Skeletal muscle of the halibut, southern bull frog (Rana catesbiana), and rabbit were used. The halibut muscle, obtained frozen from the Birdseye Company, was minced in a meat-grinder while frozen. The frogs were killed by being cut in two by a single blow with a heavy cleaver across the spine, just below the heart. The rabbits were killed by injecting air in their veins. The hind legs of both animals were perfused with Ringer's solution to remove the blood. After dissecting the muscles, they were passed three or four times through a meat-grinder, containing a plate with fine holes.
Myogen was prepared from minced rabbit and halibut muscle. To the minced muscle was added four times its volume of half-saturated (NH0~S04 and then its own volume of saturated (NH0~SO4. The mixture was gently stirred for 2½ hours and filtered. Enough solid (NH4)~S04 was dissolved in the clear filtrate to precipitate the protein completely (about 50 gin. for 140 cc.). After standing for several hours the suspension was filtered, and the next day the precipitated protein was scraped off the filter paper. ALl operations were carried out in a cold room at about 4°C.
Myosin was prepared from minced frog and rabbit muscle by Edsall's method (EdsaU, 1930) . After all the myosin had been extracted the residue was used in some experiments.
Minced muscle was washed with water in a somewhat different manner from that described by Hopkins. The procedure will be described in another paper.
For minced liver, kidney, pancreas, and testicle, the tissues of a dog were used. The dog, after fasting for 48 hours, was perfnsed with Ringer's solution under local anesthesia (novocaine) until practically all blood was removed. Salivary glands, brains (gray matter), and crystalline lenses were obtained from steers at the slaughter house. Human finger nails were used. It was necessary to free the salivary gland of blood. This was done by washing the minced tissue with large amounts of cold distilled water, to which was added onetenth its volume of g/10 pH 5.0 acetate.
Cysteine and Cystine Contents of Mixed Tissue Proteins and of the Isolated Protein Fractions of Muscle
In the various tissues the mixed proteins were denatured by treating them with trichloracetic acid. 5 gin. (wet weight) of minced tissue were ground in a mortar with 50 cc. of 5 per cent trichloracetic acid. The mixture was diluted to 250 cc. with 5 per cent trichloracetic acid, stirred, and then centrifuged. The supernatant fluid was discarded, and the precipitate washed four times with 250 cc. of 5 per cent trichloracetic acid. Myosin and myogen were denatured by adding to 225 cc. of the protein solution, containing from 0.5 to 1.0 tim. of protein, 15 cc. of a concentrated trichloracetic acid solution (the acid dissolved in an equal weight of water). One portion of each protein sample was dehydrated with acidacetone, dried, hydrolyzed, and the cysteine content of the hydrolysate estimated. Another portion was oxidized with hydrogen peroxide to convert any cysteine present into cystine. Estimation of the cystine content of the hydrolysate of the oxidized protein gave the total amount of cysteine plus cystine originally present in the protein. SH groups were estimated by the indirect method (Mirsky and Anson, 1934-35) using iodoacetate to react with SH groups. In this method the difference in cysteine content of the protein treated with iodoacetate and that not treated indicates the number of SH groups that reacted with iodoacetate. The preparations of denatured muscle proteins after being treated with iodoacetate contained no cysteine, which showed that the numbers of SH groups in the denatured muscle proteins were equivalent to the cysteine contents of the hydrolysates of the untreated proteins.
Equivalence between Cystine Plus Cysteinc Content and Number of S-S Plus $ t t Groups of Denatured Muscle Proteins
T h e t o t a l n u m b e r of groups was estimated b y reducing the den a t u r e d protein with thioglycollic acid, which converts a n y S-S groups present into S H groups. T h e n u m b e r of S H groups is estimated b y h y d r o l y z i n g the protein and measuring its cysteine content. This was found to be equal to the cystine content of oxidized protein. The reactions with iodoacetate of myogen and myosin were carried out in the same manner. The precipitate of myogen in ammonium sulfate was dissolved by adding water. To 7 cc. of the solution, containing about 0.5 gin. protein, were added buffer and iodoacetate. In the case of myosin the bulky precipitate in ammonium sulfate was dissolved directly in the buffer, about 0.4 gin. of protein being used.
A ctive $ t t Groups of the Mixed Proteins in Minced Muscle
The buffer solutions used were K2HPO4 -K-I-I=PO4 Of pH 7.3 to 8.0 and NaOH -HzBO3 of pH 8.0 to 9.6.
The time of the reaction was varied from 2 to 6 hours. After 3 hours no further change occurred.
1 In one experiment iodoacetate of twice the concentration was used, and a slightly larger number of SH groups of native protein reacted with it than did with the iodoacetate which was sufficiently concentrated to react with all the SH groups of denatured protein.
Estimation of the Groups Reacting with
Iodoacetate.--The decrease in cysteine content of a protein treated with iodoacetate is a measure of the number of its SH groups that react with iodoacetate. Mter reacting with iodoacetate all proteins were washed, dehydrated with acid-acetone, dried, hydrolyzed, and the cysteine content of the hydrolysate estimated. The cysteine content of another sample of each protein preparation that had not been treated with iodoacetate was estimated. The difference in cysteine content between treated and untreated protein was the quantity of cysteine equivalent to the number of SI-I groups that reacted with iodoacetate.
3. Reversibility of the pH Effect.--The effect of pH on the activity of SH groups was fully reversible. 8 gin. of minced frog muscle were placed in 40 cc. of a pH 9.4 buffer. The flask was filled with nitrogen and stood at 20 ° for 2 hours. The mixture was then divided into two parts. In one part the cysteine content was estimated and found to be unaltered. To the other part were added 50 cc. of a 0.1 pH 7.3 buffer and 15 cc. of iodoacetate. The number of active SH groups was that usually found at pH 7.3.
Effect of
Temperature.--Rabbit muscle at pH 7.3 was treated with iodoacetate at both 20 ° and 36 °. More SI-I groups reacted at 36 °. The effect of temperature is reversible. Minced muscle was mixed with 85 cc. of buffer solution to which a trace of iodoacetate (0.5 cc. of a ~a/10 solution) was added because it has been stated that small amounts of iodoacetate inhibit intracellular proteolyric enzymes 2 (Maschmarm, 1933) . The flask, filled with nitrogen, remained at 36 ° for 2 hours. The mixture was cooled to 20 ° and to it were added 15 cc. of ~/5 iodoacetate. The same number of groups reacted with iodoacetate as did in muscle that had not been warmed to 36 ° .
Reaction of SH Groups with
Ferricyanide.--Minced frog muscle that had been washed with water was used, about 0.7 gin. (dry weight) for each experiment. To denature the material it was suspended in 225 co. of water, and 20 cc. of concentrated trichloracetie acid were added. Mter centrifuging, the precipitate was washed with 250 cc. of water. It was then stirred in 225 cc. of water to which 25 cc. of a pH 7.6 M/1 KH2PO4-K2HPO4 buffer were added, and centrifuged once more. The precipitates of native and denatured material were suspended in 100 cc. of water to which 5 cc. of the pH 7.6 buffer and 10 co. ~/2 potassium ferricyanide were added. The mixtures were kept at 20 ° with occasional agitation for 1½ hours. To each flask were added 100 cc. of ~/20 KH2PO4, and the suspensions were centrifuged. The precipitates were then washed with ~r/100 pH 6.8 phosphate buffer by repeated stirring and centrifuging, until the yellow color of ferricyanide disappeared. They were freed of salt by washing with trichloracetic acid and then they were dehydrated, dried, hydrolyzed, and the cysteine contents of the hydrolysates were estimated.
The quantity added was not enough to react with a detectable number of protein SH groups.
